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Abstract 
The paper looks at the sensitivity of commonly used income inequality measures to 
changes in the ranking, size and number of regions into which a country is divided. A 
bootstrapping experiment and sensitivity test are set up to determine whether 
inequality measures commonly used in regional analysis produce meaningful 
estimates when applied to countries of small size. To this end, hypothetical 
distributions of populations and incomes presumably characteristic of small countries 
are compared with a “reference” distribution, assumed to represent countries of larger 
size. According to results of the tests, only the population weighted coefficient of 
variation (Williamson’s index) and population-weighted Gini coefficient may be 
considered as more or less reliable inequality measures, when applied to small 
countries.   
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1. Introduction 
 
Much of the literature on regional inequality implicitly assumes that small and 
large territorial units should be treated uniformly. For example, the intense pre-
occupation with measuring national or regional convergence using Barro-type growth 
models does not make any distinction between large and small countries or regions 
(Barro and Salai-x-Martin 1991, Salai-x-Martin 1996, Armstrong 1995, Cuadraro-
Roura, Garcia-Greciano and Raymond 1999, Tsionas 2002, Hofer and Worgotter 
1997). This could simply be due to a perception that small countries are simply 
scaled-down versions of the large and therefore do not warrant separate treatment. 
Alternatively this could stem from a view that regional or country size is something of 
a misnomer in regional analysis (Beenstock 2005). According to this view small 
countries are not analytically different to the large and do not require separate 
economic theory or statistical attention. Focusing on size serves to deflect interest 
from the real issue of economic and regional homogeneity. Small countries can be 
regionally heterogeneous by the same token that large countries can be regionally 
homogenous. Finally, country size may have been side-stepped in the study of 
regional inequality as a result of philosophical conviction that considers regions as 
individuals rather than groups. If that is the case, no special ‘compensation’ is needed 
for small territorial units. Indeed, accounting for regional size (for example by 
weighting) would serve to obscure the unique identity of territorial units (one of 
which is their size).  
Whatever the reason, this lack of attention is surprising. It is all the more 
pronounced given the recent resurgence of interest in small countries and their 
economic performance (Alesina and Spolaore 2003, Armstrong and Read 1995, 2002, 
Bertram 2004, Easterly and Kraay 2000, Poot 2004, Felsenstein and Portnov 2005). 
This attention has principally been focused on the competitiveness and economic 
vulnerability of small countries resulting from their size constraints and less with 
regional inequalities. These are often considered as nebulous in the context of small 
countries and as such the issue of suitable measurement indices has not properly been 
addressed. 
The paper is organized as follows. It begins with a brief discussion of some 
measurement issues relevant to small countries. It then proceeds to  outline  some 
characteristic features of such countries, which may influence the choice of inequality  
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measures. We then move to testing the compliance of different commonly used 
inequality indices against the set of criteria that should characterize, in our view, a 
robust inequality measure.
1  The tests are run in two phases. First, we use a number of 
pre-designed distributions, to verify whether a particular inequality measure meets our 
intuitive expectations concerning inequality estimates. Then, in the second stage of 
the analysis, we run more formal permutation tests to verify whether different 
inequality measurements respond sensibly to changes in the population distribution 
across space.  
2. Measurement Issues 
The computational problems associated with multi-group comparison of income 
inequality were noticed (apparently for the first time) by the American economist 
Max Lorenz. In his seminal paper published in 1905 in the Publications of the 
American Statistical Association, Lorenz highlighted several drawbacks associated 
with the comparison of wealth concentration between fixed groups of individuals. In 
particular, he found that while an increase in the percentage of the middle class is 
supposed to show the diffusion of wealth, a simple comparison of percent shares of 
persons in each income group may often lead to the opposite conclusion. For instance, 
while the upper income group in a particular period may constitute a smaller 
proportion of the total population, the overall wealth of this group may be far larger 
compared to another time period under study (ibid. pp. 210-211). The r emedy he 
suggested was to represent the actual inter-group income distribution as a line, 
plotting “ along one axis cumulated percents of the population from poorest to richest, 
and along the other the percent of the total wealth held by these percents of t he 
populations” (ibid. p.217).  
In an essay published in 1912, the Italian statistician  Corrado Gini moved 
Lorenz’s ideas a step further, suggesting a simple and easy comprehendible measure 
of inequality known as the Gini coefficient. Graphically, the calculation of this 
coefficient can be interpreted as follows: 
                                                           
1  The aim of our inquiry is not to test the conformity of commonly used inequality measures with basic 
inequality criteria (principles of transfer, proportional addition to incomes, and proportional addition 
to population, etc). This task was accomplished par excellence in previous studies, whose findings 
we have no reason to doubt. Instead, we shall focus our attention on the features which a robust 
inequality measure should possess in order to make it fully applicable to a small country, which is 
the main focus of this inquiry.  
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      Area between Lorenz curve and the diagonal 
  Gini coefficient =             Total area under the diagonal 
Mathematically, the Gini coefficient is calculated as the arithmetic average of 
the absolute value of differences between all pairs of incomes, divided by the average 
income (see Table 1).
2 The coefficient takes on values between 0 and 1, with zero 
interpreted as perfect equality (Atkinson 1983). 
A few years later, Dalton (1920) carried out the first systematic attempt to 
compare the performance of different inequality measures against “ real world” data. 
As he noted, many inequality measures, though having intuitive or mathematical 
appeal, react to changes in income distribution in an unexpected fashion. For instance, 
if all incomes in a given distribution are simply doubled, the variance quadruples the 
estimates of income inequality. Dalton’s second observation was that some inequality 
measures do not comply with a basic principle of population welfare set forward by 
Arthur Pigou and commonly referred to as the principle of transfers. This principle is 
formulated by Dalton as follows:  “ if there  are only two income-receivers, and a 
transfer of income takes place from the richer to the poorer, inequality is diminished” 
(ibid. p. 351). After applying this principle to various inequality measures, Dalton 
found that most measures of deviation (e.g., the mean standard deviation from the 
arithmetic mean, and the coefficient of variation) are perfectly sensitive to transfers 
and pass the “ test with distinction” (ibid. p. 352). Amongst them, the Gini index was 
also found by Dalton sufficiently sensitive to income transfers. He also found that the 
standard deviation is sensitive to transfers among the rich, while the standard 
deviation of logarithms is less sensitive to transfers among the rich than to transfers 
among the poor but still changes when a transfer among the rich takes place. 
Two other fundamental requirements for a “robust measure” of inequality, set 
forward by Dalton, are the principle of  proportional addition to i n comes, and the 
principle of  proportional increase in population. According to the former, a 
proportional rise in all incomes diminishes inequality, while the proportional drop in 
all incomes increases it. According to the latter principle, termed by Dalton the 
“ principle of proportional additions to persons,” a robust inequality measure should be 
invariant to proportional increase in the population sizes of individual income groups. 
Dalton’s calculations showed that most commonly used measures of inequality 
                                                           
2  The computation includes the cases where a given income level is compared with itself.  
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comply with these basic principles. Only the most  “simple” measures, such as 
absolute mean deviation, absolute standard deviations and absolute mean difference, 
fail to indicate any change, when proportional additions to the numbers of persons in 
individual income groups are applied (ibid. pp.355-357, see also Champernowne and 
Cowell 1998, pp. 87-112).
3  
Yitzhaki and Lerman (1991) noted another deficiency inherent to most 
inequality measures, viz. insensitivity to the position which a specific population 
subgroup occupies within an overall distribution. Their Gini decomposition technique 
takes group-specific positions into account. In particular, they suggested weighting 
subgroups by the average rank of their members in the distribution. This is in contrast 
to the weighting system used more conventionally in which between-group inequality 
is weighted by the rank of the average (Pyatt 1976; Silber 1989). This latter system 
results in a large residual when inequality is decomposed into within and between 
groups. In contrast, the Yitzhaki approach results in a more accurate decomposition 
with no residual (Yitzhaki 1994). 
Recent empirical studies proposed and used a variety of additional measures for 
inter-group inequality, such as the population weighted coefficient of variation 
(Williamson’s index), Theil index, Atkinson index, Hoover and Coulter coefficients 
(Williamson 1965; Sen 1973; Atkinson 1983; Coulter 1987; Yitzhaki and Lerman 
1991; Sala-i-Martin 1996; Kluge 1999; WBG 1999).  
While there have been numerous attempts to test the conformity of commonly 
used inequality measures with basic inequality criteria - e.g., principles of transfer, 
proportional addition to incomes, and proportional addition to population –  (see inter 
alia Dalton, 1924; Sen, 1973; Champernowne and Cowell 1998), there appears to be 
no systematic attempt to verify the applicability of these measures to countries of 
different size. The lack of interest to this aspect of inequality measurement may have 
a simple explanation. Since the commonly used inequality indices (some of which 
appear in Table 1) are abstract mathematical formulas, one may assume that they can 
be applied to both large and small countries alike. However, it is well known that the 
use of different measurement indices in regional analysis gives rise to highly variable 
                                                           
3  Dalton (1920, p. 352) distinguishes between measures of relative dispersion and measures of 
absolute dispersion. Whereas the former measures are dimensionless, the measures of absolute 
dispersion are estimated in units of income. The latter measures are easily transformed in the 
former by normalization.  
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results. For example, the notion of optimal regional convergence (i.e. that point where 
regional convergence also reduces overall nation-level inequality) has been shown to 
be highly dependent on type of inequality index used (Persky and Tam 1985) as is the 
measurement of regional price convergence (Wojan and Maung 1998). But does the 
number, size and rank of regions, also play a part?  
In this paper, we shall attempt to answer this question, using a number of 
empirical tests. The aim of these tests is to determine whether commonly used 
inequality measures produce meaningful estimates when applied to countries of small 
size.
4  
3.   Characteristic Features of a Small Country that May Affect Inequality 
Estimates 
Ostensibly, size can be easily observed and objectively measured. Small countries 
(defined by their small populations, small land areas, or a combination of the two) 
may thus have a number of physical characteristics not found elsewhere.  
First, a small country is likely to have a smaller number of regions than a large 
and more populous nation. For instance, Japan with its 130-million strong population 
has 47 regional subdivisions (prefectures), while Israel (6.5 million residents) is split 
into only six administrative districts (mahozot, in Hebrew). Similarly, Finland (5.2 
million residents) is composed  of  only six provinces ( laanit, in Finnish), whereas 
France (60 million residents) is divided into 22 regions, which are further subdivided 
into 96 departments (CIA 2003). Although districts and provinces of a small country 
may further be subdivided into sub-districts and counties, the overall number of such 
administrative subdivisions in a small country is naturally smaller than the overall 
number of administrative subdivisions of comparable size in a more populous nation. 
                                                           
4  Objectively, size may be measured by three different, although interdependent, parameters - land 
area, population and economy (Crowards 2002). However, by defining a country as small, based 
solely on economic performance, we find ourselves including land-endowed giants such as Ukraine 
and Byelorussia, as well most African, Middle East and Central Asian nations. On the other hand, 
the physical magnitude of a country (measured by either population size of land area) would seem to 
dictate a whole string of attributes in which cause and effect are clearly delimited. Thus small 
countries are likely to have smaller markets and be more open to external trade. Smaller populations 
may lead to less extreme variation in social or economic characteristics. Similarly, should the 
magnitude of a country’s economy decline with physical size, then the effect of  “economic 
smallness” would be equally clear: a small market means a more volatile economy, less ability to 
achieve scale economies and so on (Felsenstein and Portnov 2005). 
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The second feature of a small country, which may be important for our analysis, 
is the varying population sizes of the regions. The law of large numbers suggests that 
regions in large countries are likely to be more homogenous in size than small 
countries. In contrast, small countries are likely to be characterized by greater 
variation in the distribution of regional population size often accentuated by a highly 
mono-centric structure and with a clearly emphasized urban core. Due to the 
geographic concentration of its population, the population size of the core region in a 
small country may greatly surpass the population of its sparsely populated peripheral 
regions. For example in Slovenia, the Central Slovenia region containing Ljubljana 
has over 26 percent of the country’s population and the smallest region (Zasavska) has 
a population one twelfth its size. Similarly in Ireland, the Dublin and Mid East region 
contains nearly 40 percent of the Irish population and has over seven times the 
population of the Midland Area. In Finland, the Helsinki metropolitan area dominates 
the Finnish regional population distribution a c counting for nearly 20 percent of 
national population.  
Lastly, regions in a small country may be a  subject to rapid change. For 
instance, economic growth may spread rapidly across neighbouring regions in a small 
country, reflecting the phenomenon known as  “growth spillover” ( Baumont et al. 
2000; Carrington 2003). In contrast, in a large and polycentric country, regional 
growth may be more localized and slow-acting. For instance, we may recall the rapid 
regional growth attributed to the development of computer-related industries in 
Ireland in the late 1980s (Roper 2001). The long-term impact of mass immigration to 
Israel in 1989-1991 is another example of a rapid regional change in a small country. 
During this period, nearly 600,000 new immigrants arrived, increasing the existing 
population of the country by some 15 percent. Eventually many newcomers settled in 
the country’s peripheral areas, the Northern and Southern districts, whose populations 
nearly doubled within a short period of some 3-4 years, boosting the emergence of 
new major population centres (e.g. Be’er Sheva and Ashdod) and causing 
considerable changes in the existing urban hierarchy (Lipshitz 1998). 
Taking account of these peculiarities, we can introduce the following three basic 
requirements to a robust inequality measure which should make it applicable to a 
small country - the subdivision principle; tolerance to size difference, and rank-order 
insensitivity. These requirements are outlined below:   
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•  Subdivision principle: Irrespective of the number of regions (subdivisions) 
into which a country is divided, inequality estimates should not change, unless 
the parameter distribution alters. This requirement is basically in line with 
Dalton’s principle of population, according to which neither replication of 
population nor merging identical distributions should alter inequality. 
•  Tolerance to size differences: A robust inequality measure should produce 
identical estimates for both geographically even and geographically skewed 
population distributions, providing that the p a rameter distribution (e.g., 
distribution of incomes) remains unchanged. For instance, most residents of a 
country may be concentrated in a single r e gion or population may be 
dispersed evenly across 10 districts into which the country is split. As long as 
the income distribution stays the same, regional inequality should not alter. 
•  Rank-order insensitivity. The inequality estimate should not alter as a result of 
a change in the sequence in which regions are introduced into the calculation, 
e.g. ranked either by population size or by alphabetical order. Since regions in 
a small country may be a subject to rapid changes, both in terms of their 
population sizes and parameter distributions, the compliance with this 
principle will secure that inequality estimates do not alter simply as a result of 
changing the position of regions in the rank-order hierarchy.  
In order to verify the compliance of commonly used measures of  regional 
inequality with the above requirements, the analysis will be carried out in two stages: 
pre-designed sensitivity tests and random permutation tests. 
4. Pre-designed Sensitivity Tests 
The following specific questions need to be answered: 
1.  Is an inequality measure sensitive to the overall number of i n tra-country 
divisions (regions) covered by analysis? 
2.  Is an inequality measure sensitive to differences in the population sizes of 
regions? 
3.  Does a particular inequality measure respond to changes in the rank-order in 
which individual regions are introduced into the calculation?  
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Eight commonly used inequality measures (see Table 1) are tested here. The 
tests are designed as follows. First, we introduce the “reference” distribution (Table 2: 
“ Reference distribution”). As Table 2 shows, this distribution has 16 internal divisions 
(regions). The average per capita income in its four central regions is double that in 
the 12 peripheral regions - 20,000 and 10,000 Income Units (IUs), respectively. Let us 
call the former group of regions “ H[igh-income]-regions,” while 12 other regions will 
conditionally be termed “L[ow-income]-regions.”  
As the table shows, in the reference distribution, the population is distributed 
evenly: there are 10,000 residents in each regional cell (see Table 2). The total 
population of the reference system is 160,000 residents and the average income is 
12,500 IUs per capita. 
Test 1 - Small Number of Regions 
During this test, we should check whether the overall number of regions matters. To 
this end, we reduce the overall number of regions to eight, from sixteen in the 
reference distribution. Total population for this distribution is 80,000 residents, while 
the average income remains the same and being equal to 12,500 IUs. Since there are 
no cardinal changes in income or population distribution, robust inequality indices 
should indicate the  same level of inequality  for both the  reference and Test 1 
distributions (see Table 2).  
Test 2 - Uneven Population Distribution 
This test is designed to trace the response of different inequality measures to regional 
distribution of population: evenly spread population in the reference distribution vs. 
unevenly spread population in the Test 2 distribution. Compared to the reference 
distribution, there are no changes in per capita incomes; only the pattern of population 
distribution is altered. In particular, the populations of the four central (H-regions) 
increased to 100,000 (4·25,000) residents, while the populations of surrounding L-
regions shrunk to 60,000 (5,000·12) residents (see Table 2). The total population in 
this distribution is 160,000 residents and the average income is 16,250 IUs. Since the 
percent share of population concentrated in  the  four H - regions increases to 62.5 
percent [100,000·100/160,000 (total population)=62.5%] from 25 percent in the  
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reference distribution [40,000·100/160,000 = 25%; see Table 2], the regional 
inequality of per capita incomes should expectedly decline. 
Test 3 - Rank-order Change 
Our last test is designed to verify whether the sequence in which regions are 
introduced in the calculation matters. Compared to the reference distribution, there is 
no change in either the total number of residents (160,000) or in the average per capita 
income (12,500 IUs). The only change is the location of H-regions: if in the reference 
distribution these regions are located in the centre of the grid (6, 7, 10 and 11 
sequence numbers), in the Test 3 distribution, they are moved to the corners of the 
grid (1, 4, 13 and 16 sequence numbers - see Table 2). Since the percent share of 
population concentrated in the H - regions has not changed [40,000·100/160,000= 
25%], no change in inequality should occur. 
4.1 Sensitivity Test Results 
The results of the tests are reported in Table 3 and discussed below. 
Test 1: Somewhat surprisingly, despite the unchanged distributions of 
incomes and populations, CC indicates a rise in inequality! The use of this index for 
small countries, with a small number of internal divisions (regions), may thus be 
misleading, specifically when a comparison with countries of larger sizes is 
planned. 
Test 2: While the five indices (WI, CC, HC, Gini (U) and Gini (W)) indeed 
indicate a drop in regional inequality compared to the ref. distribution, three other 
measures (CV, TE and AT) i ndicate an increase (!) in income disparity. 
Characteristically, Gini (W) indicates only a marginal drop in inequality (from 
0.075 in the ref. distribution to 0.072 in the Test 2 distribution) despite a 
considerable increase in the population share of H-regions. The use of CV, TE, AT, 
and Gini (W) for small countries (which are often characterized by extremely 
uneven regional distributions of population) may thus lead to erroneous results. 
Test 3: The test indicates no performance problems with any of the indices 
tested. Numerically, the results of the test appear to be identical to those obtained 
for the ref. distribution (see Table 3).   
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5. Permutation Tests 
For more formal sensitivity testing of inequality measures, we used the statistical 
technique known as bootstrapping (Hesterberg et al. 2002). Traditional methods of 
calculating parameters for a given statistic (e.g., a certain measure of inequality) are 
based upon the assumption that the statistic is asymptotically normally distributed and 
use known transformations for parameter calculation. However, re-sampling 
techniques, such as bootstrapping, provide estimates of the standard error, confidence 
intervals, and distributions for any statistic by testing it directly against a large 
number of randomly drawn re-samples. 1000 re-samples are considered as a minimal 
number recommended for estimating parameters of a statistic, whereas larger numbers 
of re-runs increase the accuracy of estimates.  
In particular, we ran two separate tests, as described below:  
•  Test 1 (Unrestricted test): The distribution of income was set identical to the 
reference distribution (see Table 2) and the average income was kept constant 
(12,500 IUs). Concurrently, the population was distributed across 16 regional 
cells at random and was a l lowed to vary slightly around the average 
population total, which was not restricted a-priori.  
•  Test 2 (Restricted test): The income distribution, the average income, and the 
total population of the system were kept constant and identical to the 
reference distribution (see Table 2). In order to comply with these restrictions, 
the population was redistributed within the H-regions and L-regions, without 
allowing population exchanges between these two groups of regions.  
For each test, 1000 permutations (re-samples) were run. For the sake of clarity 
and brevity and to avoid overloading the reader with unnecessary technical details, we 
discuss below only those results for the tests for inequality indices that appear to 
exhibit the most characteristic trends.  
5.1 Unrestricted Test 
The results of the re-sampling for five inequality indices - CV, Gini (U), AT, TE(0), 
and WI are reported in Figure 1. While CV, Gini (U), AT and TE(0) appear to exhibit 
the response pattern shown in Figure 1A, the rest of the indices tested (that is, WI, 
CC, HC and Gini (W)) exhibit the response pattern diagrammed in Figure 1B. The  
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conclusion is thus straightforward: the former group of indices is not sensitive to the 
variation in population distribution across regional cells. They  may thus lead to 
spurious results when used for small countries, which are often characterized by rapid 
changes in population patterns, due to (inter alia) the impact of immigration.  
5.2 Restricted Test 
When population movements are restricted (i.e., the population is allowed to circulate 
only within the H - regions and within the L - regions, without direct population 
exchanges between the two), only the CC index appears to respond to population re-
sampling, exhibiting the oscillation response pattern (see Figure 2B), whereas all 
other indices tested (i.e., CV, WI, HC, Gini (U), Gini (W), AT and TE(0)) fail to 
respond to changes in the population distribution across the regional cells (see Figure 
2A). However, such a situation (in which population movements are geographically 
restricted) may be considered rather unlikely (specifically for open economies) and 
thus a failure of an inequality measure to pass this test may be considered only as a 
minor performance flaw. 
6. Conclusions 
Though individual studies of regional disparity may deal with separate development 
measures - population growth, wages, welfare, regional productivity, etc. - the use of 
an integrated indicator is often essential, particularly if a comparative (cross-country) 
analysis is required. In order to measure the extent of disparities, various indices of 
inequality are commonly used. These indices may be classified into two separate 
groups (Kluge 1999):  
•  Measures of deprivation  (Atkinson index, Theil redundancy index, Demand 
and Reserve coefficient, Kullback-Leibler redundancy i n dex, Hoover and 
Coulter coefficients, and the Gini index);  
•  Measures of variation, such as the coefficient of variation and Williamson's 
index.  
In this paper, we did not attempt to assess whether these measurements reflect 
either the “true meaning” or “underlying causes” of regional inequality. Neither did  
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we try to establish whether geographic inequality is a positive socio-economic 
phenomenon or a negative one. We shall leave these philosophical questions for 
future studies. Our task was simple: we attempted to determine whether commonly 
used inequality measures produce meaningful estimates when applied to small 
countries, thus making it possible to compare the results of analysis obtained for such 
countries with those obtained elsewhere. 
As we argue, a small country may differ from a country of larger size in three 
fundamental features. First, it is likely to have a relatively small number of regional 
divisions. Second, its regional divisions are likely to vary considerably in their 
population sizes. Lastly, regions of a small country may rapidly change rank-order 
positions in the country-wide hierarchy, by changing their attributes (e.g., population 
and incomes). In contrast, in a large country such rank-order changes may be both less 
pronounced and slower-acting. 
In order to formalize these distinctions, we designed a number of simple 
empirical tests, in which income and population distributions, presumably 
characteristic for small countries, were compared with the “reference” distribution, 
assumed to fit better a country of a larger size. In the latter (reference) distribution, the 
population was distributed evenly across regional divisions and assumed to be static.  
In the first test, we checked whether the overall number of regions matters. In 
the second, we checked whether different inequality indices respond to differences in 
the regional distribution of population, viz., evenly spread population in the reference 
distribution vs. unevenly spread population in the test distribution. Finally, in the third 
test, we verified whether different inequality indices were sensitive to the sequence in 
which regions are introduced into the calculation. 
Somewhat surprisingly, none of the indices we tested appeared to pass all the 
tests, meaning that they may produce (at least theoretically) misleading estimates if 
used for small countries. However, two indices - WI and Gini (W) - appeared to 
exhibit only minor flaws and may thus be considered as more or less reliable regional 
inequality measures. 
Although further studies on the performance of different inequality indices may 
be needed to verify the generality of our observations, the present analysis clearly 
cautions against indiscriminate use of inequality indices for regional analysis and 
comparison.  
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Table 1.  Commonly used measurements of regional inequality 
Coefficient of variation (CV) 
(unweighted) 
Population weighted coefficient of 




































































































































































Note: A i and  Aj= number of individuals in regions  i  and j  respectively  (regional 
populations), Atot= the national population; yi and yj= development parameters observed 
respectively in region i and region j (e.g. per capita income);  y  is the national average 
(e.g. per capita national income); n  = overall number of regions; e is an inequality 
aversion parameter, 0< e <∞ [the higher the value of e, the more society is concerned 
about inequality).   
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Table 2.  The reference and test distributions 
Reference distribution  Test 1 (Number of regions) 
Average income  Average income 
10,000  10,000  10,000  10,000  10,000  10,000     
10,000  20,000  20,000  10,000  10,000  20,000     
10,000  20,000  20,000  10,000  10,000  20,000     
10,000  10,000  10,000  10,000  10,000  10,000       
Population size  Population size 
10,000  10,000  10,000  10,000  10,000  10,000     
10,000  10,000  10,000  10,000  10,000  10,000     
10,000  10,000  10,000  10,000  10,000  10,000     
10,000  10,000  10,000  10,000  10,000  10,000       
Test 2 (Population distribution)  Test 3 (District ranking) 
Average income  Average income 
10,000  10,000  10,000  10,000  20,000  10,000  10,000  20,000 
10,000  20,000  20,000  10,000  10,000  10,000  10,000  10,000 
10,000  20,000  20,000  10,000  10,000  10,000  10,000  10,000 
10,000  10,000  10,000  10,000  20,000  10,000  10,000  20,000 
Population size  Population size 
5,000  5,000  5,000  5,000  10,000  10,000  10,000  10,000 
5,000  25,000  25,000  5,000  10,000  10,000  10,000  10,000 
5,000  25,000  25,000  5,000  10,000  10,000  10,000  10,000 
5,000  5,000  5,000  5,000  10,000  10,000  10,000  10,000 
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CV  0.346  0.346  0.353  0.346 
WI  0.346  0.346  0.298  0.346 
TE  0.022  0.022  0.136  0.022 
AT  0.026  0.026  0.251  0.026 
HC  0.150  0.150  0.144  0.150 
CC  0.061  0.087  0.059  0.061 
Gini (U)  0.075  0.075  0.058  0.075 
Gini (W)  0.075  0.075  0.072  0.075 
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Fig. 1.  Results of permutation tests (Test 1: unrestricted test) for selected inequality 
measures - CV, Gini (U), AT and TE(0) (A) and WI (B) 
































  21 
 
Fig. 2.  Results of permutation tests (Test 2: restricted test) for selected inequality 
measures - WI, HC, and Gini (U) (A) and CC (B)  
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